Background: Red blood cells transfusion is a useful practice for preterm infants. Large amount of blood is usually wasted in the infants. Considering that few studies have been carried out on infants, the aim of current study was to investigate the frequency of packed red blood cells transfusion in preterm infants admitted to NICU of Shahid Sadoughi Hospital in Yazd during 2016 Materials and Methods: This retrospective descriptive-analytical study was conducted on infants admitted to Neonatal intensive care unit (NICU) of Shahid Sadoughi Hospital, Yazd, Iran during 2016. Variables including fetal age, sex, birth weight, delivery method, Apgar score, infant status, premature birth complications and transfusion information were extracted from medical records of patients. Results: Current study was conducted on 335 premature infants. Among them, 85 cases were received packed red blood cells transfusion (25.4%). Of the infants receiving packed red blood cells, 59 cases (69.4%) were alive and 26 (30.6%) dead. Distribution of preterm complications in infants including respiratory distress syndrome, sepsis, respiratory failure and Pneumothorax was observed in 66 (77.6%), 19(22.4%), 52(61.2%) and 14 patients (16.5%), respectively. There was significant difference between mean age and mean Apgar score in terms of transfusion (p<0.01). The mean volume of consumed blood was 34.20 ± 27.44 ml. The mean volume of wasted blood was 488.39±355.88 ml. Minimum and Maximum volume of wasted blood was 220 and 1873 ml. Conclusion: According to results of current study, the mean age and mean Apgar score in patients undergoing transfusion was lower than those did not have transfusion. Moreover, total volume of wasted blood was 14.2 times more than consumed blood. Therefore, optimal usage of blood products and the use of smaller blood bags are proposed in order to improve the health of infants in intensive care units and lessen complications of blood transfusion in newborns.
Introduction
Packed red blood cells (PRBC) transfusion is a usual procedure in preterm infants hospitalized in neonatal intensive care units (NICUs) (1) (2) (3) (4) (5) (6) . It is a beneficial practice for preterm infants (7) (8) (9) (10) (11) (12) by replenishing low circulating blood volumes, improving tissue oxygenation, increasing circulatory hemoglobin, and reducing the cardiac output to retain the same level of oxygenation (13) . Potential advantage of red blood cell transfusion for anemic preterm infants involves prevention of apnoeas (14) and promotion of weight gain (15) . Infants with very low birth weight (VLBW) are considered as a patients group with high transfusion requirement. Actually, 40% of neonates at 1,000-1,500 g and 90% of them at 1,000 g birth weight may need transfusion. Preterm infants may receive a mean number of five red blood cells (RBC) transfusions during their hospitalization (16) . Transfusion of RBC in infants is associated with many risks (16) . RBC transfusion leads to overload of iron in liver in VLBW infants (17) .
Moreover, a relationship between RBC transfusion and risk of intra-ventricular haemorrhage, bronchopulmonary dysplasia, and retinopathy of prematurity was observed (18) . The incidence of adverse outcome following RBC transfusion in UK is estimated 12.3 per 10,000 individuals (16) . Among 3453 RBC transfusion cases with side effects, 110 ones were in children less than 18 years and 21 cases in newborns (16) . RBC transfusion is associated with mortality in VLBW preterm infants. The risk of mortality was higher in patients receiving more than two transfusions within first 28 days of their life (19) . Therefore, it is necessary to decrease the frequency of transfusion in critically sick neonates using residual cord blood for initial laboratory investigations, decreasing phlebotomy losses, determining guidelines of transfusion, confirming the most suitable nutrition with supplementation of iron, vitamin, and folic acid, and clamping the umbilical cord. Most of the demands for PRBC supplies are routine and the requested blood is not used (20) . Other study also has reported that usually large amount of blood is wasted because infants need low amount of blood supply (21) . Considering that few studies have been carried out in this field, current study decided to investigate the frequency of PRBC transfusion in preterm infants admitted to NICU of Shahid Sadoughi Hospital, Yazd, Iran. If the frequency of PRBC transfusion in preterm infants is too much, this issue should be considered and done with more caution to lessen the complications of blood transfusion in newborns.
Materials and Methods
This retrospective descriptive-analytical study was approved by Ethical Committee of Shahid Sadoughi University of Medical Sciences (IR.SSU.MEDICINE.REC.1396.38) before initiation. Then, all infants admitted to NICU of Shahid Sadoughi Hospital, Yazd, Iran, during 2016 were selected.
After obtaining the necessary permissions to access archival files, the list of all newborns hospitalized during 2016 was extracted from medical records (n= 863 cases). Of 863 cases, 335 infants were included based on our defined inclusion criteria and the rest were excluded from the study. Patients' data, including fetal age, sex, birth weight, delivery method, Apgar score, infant status, premature birth complication, and transfusion information were extracted from medical records of patients. The population of current study was all patients under the age of 28 days (infancy) and fetal age below 37 weeks (preterm) admitted to NICU of Shahid Sadoughi Hospital. Patients with incomplete medical records and neonatal jaundice were excluded from the study. Moreover, patients admitted to hospital for a second or third transfusion were excluded.
Statistical analysis
Data were entered SPSS (version 19( and analyzed by Independent T test, Chi square, and Tukey Test. P-value < 0.01 was considered statistically significant.
Results
Current study was conducted on 335 premature infants. Among them, 85 cases were received blood (25.4%). Moreover, of the 85 infants undergoing transfusion, 37 (43.5%) were girls and 48 (56.5%) boys. The mean neonatal age at first transfusion was 18.84±16.35 days and the mean fetal age was 28.88 ± 2.92 weeks. Normal vaginal delivery and caesarean section were seen in 24 (28.2%) and 61 cases (71.8%), respectively. Mean Apgar score in infants was 6.0±2.5 (0-9). Of the infants receiving PRBC, 59 (69.4%) were alive and 26 (30.6%) dead. Distribution of preterm complication in infants, including respiratory distress syndrome, sepsis, respiratory failure, and pneumothorax was shown in 66 (77.6%), 19(22.4%), 52(61.2%), and 14 cases (16.5%), respectively. Frequency distribution of patients in terms of weight showed that 39(45.9%), 34(40%), 4(4.7%), and 8(9.4%) patients have birth weight less than 1000 g, 1000-1500 g, 1500-2000 g, and more than 2000 g, respectively. The frequency of blood transfusion in patients showed that 42, 16, 15, 6 ,3, 1, and 85 patients received blood once, twice, three times, four times, five times, six times, and eight times; respectively.
The mean volume of consumed blood was 34.20 ± 27.44 ml. Minimum and maximum volume of blood was 7 and 153 ml, respectively. The mean volume of wasted blood was 488.39±355.88 ml.
Minimum and maximum volume of wasted blood was 220 and 1873 ml. The total volume of blood consumed was about 2907 cc and the total volume of wasted blood was 41713 cc. Table I shows frequency distribution of pregnancy complications in mothers with preterm infants. As shown in Table I , the most complications in mothers were premature rupture of membranes and Preeclampsia. The mean age and mean Apgar score in terms of transfusion are shown in Table II. As  Table II shows, there was significant difference between mean age of patients and mean Apgar score in terms of transfusion (p<0.01). Table III shows frequency distribution of Apgar score in infants undergoing transfusion. Table IV shows Classification of prematurity complication, mortality, and weight in terms of transfusion. According to results of current study, there was significant difference between prematurity complications groups with respect to transfusion (p<0.01). Moreover, significant difference was seen between mortality groups in terms of transfusion (p<0.01). Furthermore, significant difference was observed between weight groups regarding transfusion (p<0.01). Table V shows the mean volume of consumed blood in terms of weight. As shown Table V , there is significant relation between weight and mean volume of consumed blood (p<0.01). 
Discussion
This study was conducted to evaluate the frequency of receiving PRBC transfusion in preterm infants admitted to NICU of Shahid Sadoughi Hospital. Multiple complications of transfusion and immune system disorders in infants may be related to the blood transfusion. In the current study, the mean birth weight of Apgar was significantly lower in neonates with transfusion. It seems that this may be due to the effect of hypoxia on functional dysfunction of various organs. Other factors, including increased risk of coagulation disorder and consequently increased need for transfusion in these infants may also play a significant role. Complications such as sepsis, respiratory failure, and pneumothorax were significantly higher in patients undergoing transfusion. Perciaccante et al., (22) reported that RBC transfusion increased the incidence of necrotizing enterocolitis. RBC transfusion induces a proinflammatory answer which may confirms the pathogenesis of transfusion related necrotizing enterocolitis (13) . Dani et al. evaluated 20 premature infants and measured the level of several cytokines before and after transfusion. The findings showed the increase of interleukins, namely IL-1β, IL-17 and IL-8 (23) . A study showed that transfusion was related to developing of retinopathy of prematurity (24) . Dani et al., also reported that RBC transfusion volume was associated with ROP in infants with a birth weight of < 1,250 g (23) . Wang et al., reported that red blood cell transfusion was associated with intraventricular hemorrhage (24) . Early RBC red blood cell transfusion suppresses production of erythropoietin (25) . Hirano et al., reported that after blood transfusion, plasma nontransferrin bound iron (ferrous form) was significantly higher in preterm infants due to the reduction of ferric iron (Fe3+) by ascorbic acid and the low ferroxidase activity. Moreover, Hirano et al., reported that most preterm infants developed retinopathy of prematurity and/or chronic lung disease (26) . According to results of these studies, it seems that transfusion is associated with serious complications. Borna et al. assessed the frequency and risk factors of blood transfusions in newborns. In their study, 19.98% of patients needed transfusion. Moreover, significant relation was seen between frequency of blood transfusion with using of ventilator and during hospital stay. They reported that decreasing length of hospital stay and duration of mechanical ventilation led to reduction of the frequency and complications of blood transfusions. Moreover, given the wide range of differences between different communities for choosing the type of product, the time, and correct dose of consumable products, physicians should consider transfusion guideline to prevent unnecessary consumption of blood products (19) . In the current study, there was significant relation between blood transfusion and birth weight of infants. Mosayebi et al., reported that there was a significant relationship between birth weight and blood volume (27) . Strauss et al., reported significant relation between birth weight and the need for blood, which is consistent with findings of our study. However, Rafati et al., demonstrated inverse relation between blood transfusion and birth weight (19) . This difference can be due to different blood transfusion protocols in hospitals and different guidelines used in different parts of the world. In total, the mean blood transfusion for each infant was 16.51 cc /kg. Bednarek et al., suggested that the mean blood transfusion was 24 cc/kg per baby (28) . In another study by Patterson et al., transfusion rates in infants were reported 29% (33). Moreover, 55.9% of patients received at least one RBC transfusion in Brazil (29) . The mean volume of wasted blood in current study was 488.39 ml. It seems that this difference may be due to different blood transfusion protocols in different hospitals. Rafiei et al., found that the pattern of blood transfusion in the Besat hospital was not ideal. They also observed that excessive demand for blood did not only reduce the quality of blood, but also imposed additional financial burdens on health centers (30) . Contrary to the current study, most studies did not investigate the amount of wasted blood, which was a hallmark of this study.
Conclusion
According to results of current study, the mean age and mean Apgar score in patients undergoing transfusion was lower than those who did not have transfusion.
Moreover, total volume of wasted blood was 14.2 times more than consumed blood. Therefore, optimal usage of blood products by providing accurate protocols and the use of smaller blood bags are proposed in order to improve the health of infants in intensive care units and lessen the complications of blood transfusion in newborns.
